Background: Obesity is a global problem that is rising at an astounding rate. The children and adolescent obesity are the burning issues. Body mass index (BMI) also called Quetelet Index (initially described by Quetelet in 1869), has become the measurement of choice to measure overweight and obesity in adults. To date there is no information on the extent of affliction due to overweight and obesity among children and their associated risk factors in Nepal. Objectives: The study was undertaken to find out if dietary, behavioral and physical factors contributed to risk of obesity in Nepalese children and adolescents around Kathmandu valley and to find out the association between childhood obesity with parental obesity. Methods: The study was conducted among subjects aged 5-19 years at four different locations; Lalitpur, Thimi, Kushadevi and Dhulikhel, Nepal. A total of 324 children and their 648 parents (324 father and mother each) participated in the study. Body Mass Index (BMI) was calculated according to the World Health Organization (WHO) criteria for all participants. Variables relation to socioeconomic status, dietary habits, physical factors and emotional well being were determined using a self-administered questionnaire. Results: As determined with the help of BMI, the factors like socioeconomic status and sedentary lifestyle were found to contribute to various conditions like obesity, underweight and overweight in children of various ages, although, prevalence of obesity was low compared to the other conditions. Also BMI of children was found to be positively and significantly correlated with father's and mother's BMI indicating its importance as a marker in progression of such health conditions in children. Conclusions: BMI proved to be a reliable indicator of adverse health conditions like obesity in Nepalese children and could contribute to understanding the role of the various risk factors of dietary, social and physical nature in the development of these conditions.
Introduction
Overweight and obesity are attributed to an enlargement or increased number of fat cells or a combination of both, which occurs when energy intake exceeds energy expenditure [1] . The classification of overweight and obesity is often interpreted according to the Body Mass Index (BMI). The index provides a reliable indicator of body fatness for most people and is used to screen for weight categories that may lead to health problems.
Increase in overweight and obesity have become an important public health problem globally because of its adverse health consequences and prevalence rates are escalating at astounding rate worldwide. Even though the health consequences of obesity are most commonly seen during adulthood, the underlying factors of these diseases typically originate during childhood.
Childhood obesity is global health concern affecting all socio-economic groups, irrespective of age, sex or ethnicity. The rising prevalence of obesity cannot be addressed by a single etiology as multiple etiologies are responsible for this imbalance. Genetic, neuroendocrine, metabolic, psychological, environmental and socio-cultural factors play major role in the rising prevalence of childhood obesity worldwide. Regional urbanization and economic growth have been associated with a more sedentary lifestyle and increased consumption of high fat-and sugarladen diets both considered as risk factors for promoting childhood obesity. Studies have shown strong correlation between family history, sedentary lifestyle, socio-economic status, television watching, internet browsing, computer games, eating behavior, sleeping patterns and an increased prevalence of childhood obesity.
Recent data indicate a rise in obesity, both in children and adolescents in developing countries that are undergoing rapid nutrition and lifestyle transition and it often coexists with under nutrition due to wide socioeconomic disparities. Lowincome countries like Nepal experiences burden of infectious diseases as well as rising incidence of non-communicable diseases frequently associated with obesity [2] .
Hence this study was undertaken to evaluate a number of risk factors commonly associated with childhood obesity as well as to determine the association of childhood obesity with parental obesity using BMI as an indicator.
Methods

Study Design
A cross sectional study design was adopted in this study. This study included children and adolescents aged 5 to 19 years and their parents from four different locations; Lalitpur, Thimi, Kushadevi and Dhulikhel, Nepal. Height and weight were measured and the Body Mass Index (BMI) was calculated.
Anthropometric Variables
Height
Height was measured with a non stretchable measuring tape by marking the scale on the house wall.
Weight
Weight was measured with a weighing scale with the participant standing with shoes removed and lightly clothed.
Body Mass Index (BMI)
The BMI for adults was calculated according to the WHO criteria by dividing the subject's mass in kilogram by the square of his or her height, typically expressed in metric [1] .
Metric: BMI = kilograms / meters 2 Data collection was performed by door to door visit at the morning and evening when the participants were met at home. Following informed consent, information relating to monthly income, dietary habits, physical and sedentary activities, emotional well being, smoking and alcohol consumption were collected using a self-administered questionnaire. Data was stratified by race and gender.
A child's weight status is determined using an age-and sex-specific percentile for BMI rather than the BMI categories used for adults because children's body composition varies as they age and varies between boys and girls. The Centre for Disease Control and Prevention (CDC) Growth Charts were used to determine the corresponding BMI-for-age and sex percentile. For children and adolescents (aged 2-19 years):
Overweight is defined as a BMI at or above the 85th percentile and lower than the 95th percentile for children of the same age and sex.
Obesity is defined as a BMI at or above the 95th percentile for children of the same age and sex.
Data Processing and Analysis
Data gathered were checked for completeness and accuracy. Necessary coding was used to simplify the collected data which were then further processed.
The data analysis was carried out using SPSS (version 11.5 software (SPSS Inc., 233 South Wacker Drive, 11th Floor, Chicago, IL 60606-6307). Pearson's correlation coefficients were used for continuous variables to find the association of childhood obesity with parental obesity. The level of significance of all tests was taken at P < 0.05.
Results
A total of 324 children participated in the study, out of which, 172 (53.1%) were male and 152 (46.9%) were female.
Of the 324 respondent children, 10 (3.1%) were overweight and 2 (0.6%) were obese, 210 (64.8%) were underweight and 102 (31.5%) were of a normal BMI (Fig  1) .
Fig 1. BMI of Children
Among the total population of fathers, 137 (42.3%) were overweight, 14 (4.3%) were obese, 152 (46.9%) were of a normal BMI and 21 (6.5%) were underweight (Fig 2) .
Fig 2. BMI of Father
Among the total population of mothers, 158 (48.8%) were overweight and 36 (11.1%) were obese, 116 (35.8%) were of a normal BMI and 14 (4.3%) were underweight (Fig 3) .
Fig 3. BMI of Mother
For determination by age, the criteria defined by CDC BMI-for-Age Growth Charts was used and accordingly out of 324 subjects aged between 5-19 years only 3 children aged 14, 15 and 16 were found to be obese. Total  5  7  22  --29  6  5  12  --17  7  5  9  --14  8  4  13  1  -18  9  6  14  --20  10  3  16  1  -20  11  4  15  2  -21  12  4  15  --19  13  2  17  4  -23  14  4  21  4  1  30  15  -16  2  1  19  16  3  22  -1  26  17  4  22  --26  18  3  16  --19  19  2  21  --23  Total  56  251  14  3 The distribution of the children according to the age and BMI is shown in the Table 1 and Figure 4 . Out of 172 males in children; 6 (3.5%) males were overweight and 2 (1.2%) males were obese but most of the males, 121 (70.3%) were found out to be underweight and the rest 43 (25%) were of normal BMI. Similarly out of 152 females in children, only 4 (2.6%) females were overweight and no female was obese but most of the females 89 (58.6%), were underweight and 59 (38.8%), were found out to be of a normal BMI.
The categorization of the total population according to gender and BMI is shown in the given Figure 5 . 
Fig 5. BMI of Children based on sex
Based upon socio-economic status, most of the children were found to be underweight and normal. Maximum number of children was underweight i.e. 69%, 65% and 52% with family monthly income less than Nepalese rupee (NPR) 10000, between NPR 10000-20000 and more than NPR 20000 respectively. Only 1.7% of the children were found to be obese as seen in the family with monthly income ranging from NPR 10000-20000. 
Fig 7. BMI of Children based on exercise
Of the total population, only 0.7% of the children were found to be obese who were not involved in physical exercise. While 48% of the children involved in physical exercise were found to be normal. Prevalence of underweight children were more with those not involved in physical exercise than with those involved in physical exercise.
In the bivariate analysis (Pearson correlation test) of sample population the child's BMI was found to be positively and significantly correlated with father's BMI which is depicted in the given Figure 8 . Figure 9 shows mild positive correlation between Child's BMI & Mother's BMI. In the bivariate analysis (Pearson correlation test) of sample population children's BMI was found to be positively and significantly correlated with Mother's BMI which is depicted in the given Figure 9 .
The children's BMI was found to be fairly correlated with mother's BMI in the total population (irrespective of gender). The correlation coefficient was lower (0.373**).
Discussion
Despite rapidly increasing urbanization (4.9% per year), about 90% of Nepal's inhabitants live in rural areas [4] . Two of every five Nepalese live below the absolute poverty line, and half of all people in rural Nepal are poor [4] . Similar to many other low-and middle-income countries, Nepal is currently experiencing significant lifestyle changes that spring from various social and demographic changesan "epidemiological transition" that includes urbanization and migration. Insurgency and political instability drive migration.
Moreover, high unemployment and underemployment (17.4% and 32.3%, respectively) compel people to choose between remaining in a vicious circle of poverty and migrating to seek better livelihood opportunities both within and outside the country [4] .
Socioeconomic status affect overweight and obesity prevalence among adults and children, and these influences may vary according to the economic context. Due to sluggish economic growth of Nepal, most of the children are more likely to be at risk of undernourishment. However, middle income people are at risk of overweight and obesity.
There is increasing evidence that underweight and overweight may exist among family members within the same household. We found that children from families that eat together regularly are less likely to be overweight or obese. One reason for this is that these children generally eat a healthier diet [4] [5] [6] . A second reason is that family meals prevent children from eating in front of the television, which may lead to "mindless eating" and higher energy intake [7] [8] [9] .
Genetic factors can have a great effect on individual predisposition. Genetic influence has a limited effect on the timing of childhood obesity. The older the child gets affects the severity of obesity, especially during adolescence. It is suggested that the genes influencing adiposity have differential effects at distinct childhood ages and may not be exerted equally throughout the life cycle [10, 11] . It is not clear in our study whether the relationship between parental BMI and severity of obesity in their children is due to genetic or environmental factors.
It has been hypothesized that a steady decline in physical activity among all age groups has heavily contributed to rising rates of obesity all around the world. Numerous studies have shown that sedentary behaviors like watching television and playing computer games are associated with increased prevalence of obesity [12, 13] . Furthermore, parents report that they prefer having their children watch television at home rather than play outside unattended because parents are then able to complete their chores while keeping an eye on their children [14] .
Since both parental and children's choices fashion these behaviors, it is not surprising that overweight children tend to have overweight parents and are themselves more likely to grow into overweight adults than normal weight children [15] . In response to the significant impact that the cultural environment of a child has on his/her daily choices, promoting a more active lifestyle has wide ranging health benefits and minimal risk, making it a promising public health recommendation. In our study, as in other studies of the effect of risk factors related to children's lifestyle, normal-weight children were more physically active and engaged less in sedentary activities.
Conclusion
From the findings of the present study it could be concluded that BMI serves as a simple and efficient indicator of different categories associated with body fat like underweight, overweight and obesity in children. It can also serve as a predictor for the role of various risk factors in development of obesity namely socioeconomic status and lifestyle.
Also a positive correlation between children's BMI and parents' BMI indicated its significance as a marker in progression of such health conditions prospectively in children.
